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$V WKH UDSLG GHYHORSPHQW DQG LQFUHDVLQJO\ VRSKLVWLFDWHG LQ FRPPXQLFDWLRQ WHFKQRORJ\ HPEHGGHG
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VHQVRUQRGHVEHWZHHQZKLFKFRPPXQLFDWHZLUHOHVVWRIRUPDPXOWLKRSDQGVHOIRUJDQL]LQJQHWZRUNV\VWHP
ZKLFK FDQ FROODERUDWH LQ UHDOWLPH FROOHFWLRQ DQG PRQLWRULQJ LQIRUPDWLRQ RI YDULRXV REMHFWV ZLWKLQ WKH
GLVWULEXWLRQUHJLRQRIWKHQHWZRUNDQGSURFHVVLQJWUDQVPLVVLRQLQIRUPDWLRQ>@$W\SLFDOVWUXFWXUHRIZLUHOHVV
VHQVRU QHWZRUNV LV FRPSRVHG RI VHQVRU QRGHV WKH UHFHLYHU WUDQVPLWWHU 6LQN ,QWHUQHW RU FRPPXQLFDWLRQV
VDWHOOLWHV WDVNPDQDJHPHQWQRGHVDQGRWKHUSDUWV6HQVRUQRGHVVFDWWHUHG LQ WKHGHVLJQDWHGSHUFHSWLRQDUHD
HDFKQRGHFDQFROOHFWGDWDDQGVHQGWKHGDWDWRVLQNQRGHWKURXJKPXOWLKRSURXWLQJ>@9LHZIURPDVLQJOH




 /LPLWHG FRPPXQLFDWLRQ DELOLW\ %DQGZLGWK RI WKH VHQVRU LV QDUURZ DQG IUHTXHQWO\ FKDQJH
FRPPXQLFDWLRQUDQJHLVVPDOOXVXDOO\RQO\DIHZPHWHUVWRVHYHUDOKXQGUHGPHWHUV&RPPXQLFDWLRQEHWZHHQ
VHQVRUVLVIUHTXHQWO\LQWHUUXSWHGRIWHQOHDGWRFRPPXQLFDWLRQIDLOXUH$VVHQVRUQHWZRUNVDUHPRUHLQIOXHQFHG
E\ PRXQWDLQV EXLOGLQJV WRSRJUDSK\ DQG WHUUDLQ DOVR OLJKWQLQJ VWRUPV DQG RWKHU QDWXUDO HQYLURQPHQW WKH
VHQVRUPD\EHJHWRXWIURPWKHQHWZRUNDORQJWLPH>@
/LPLWHGHQHUJ\VXSSO\3RZHUVXSSO\HQHUJ\RIVHQVRULVH[WUHPHO\OLPLWHG$IWHUFRQVXPSWLRQRIWKH












XQGHUD OLPLWHGHQHUJ\HQHUJ\HIILFLHQF\ LVDQLPSRUWDQWSHUIRUPDQFHLQGH[LQVHQVRUQHWZRUNV6RIDU WKH




WKH V\VWHPFDQXQGHU WKHFRQGLWLRQVRIPLQLPL]HHQHUJ\FRVWVPD[LPL]H WR LPSURYH WKHSHUFHLYHGDFFXUDF\
DQGUHGXFHWLPHGHOD\>@
6FDODELOLW\7KHSHUIRUPDQFHRI WKH VHQVRUQHWZRUNVFDODELOLW\ LV WKHH[WHQGHG OLPLW LQ WKHQXPEHURI
VHQVRUVQHWZRUNFRYHUDJHDUHDOLIHF\FOHWLPHGHOD\SHUFHLYHGDFFXUDF\
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$QDO\VLVRIHQHUJ\FRQVXPSWLRQLQZLUHOHVVVHQVRUQHWZRUNVDQGWKHZD\RIHQHUJ\HIILFLHQW
$QDO\VLVRIHQHUJ\FRQVXPSWLRQRIVHQVRUQRGHV
9LHZ IURPD VLQJOHZLUHOHVV VHQVRU QRGH VHQVRU QRGH FRQVLVWV RI IRXU SDUWV SRZHU SHUFHSWLRQPRGXOH








:KHQ WKH VHQVRU QRGH LV LQ VHQGLQJ VWDWH WKH UHODWLRQVKLS EHWZHHQ HQHUJ\ FRQVXPSWLRQ RI ZLUHOHVV
FRPPXQLFDWLRQDQGFRPPXQLFDWLRQGLVWDQFHLV
QNG(  



















:LUHOHVV VHQVRUQHWZRUN DQG DZLUHOHVV QHWZRUNZLWK LQIUDVWUXFWXUH DUHGLIIHUHQWPDLQO\ LQ WZR DVSHFWV









3HUFHLYH 7UHDWPHQW 6HQG 5HFHLYH ,GOH 6OHHS
3RZHU
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RIWKHHQHUJ\FRQVXPSWLRQLQZLUHOHVVFRPPXQLFDWLRQPRGXOHVUHGXFLQJWKHFRVWRIFRPPXQLFDWLRQKDVWKH




 ,PSURYH WKH OLIHF\FOHRI WKHHQWLUHZLUHOHVV VHQVRUQHWZRUN:HFDQ ,PSURYH WKHQHWZRUN OLIHF\FOH







WKHFRQILJXUHGEDWWHU\ LVYHU\ OLPLWHG7KHUHIRUH WRGHVLJQDVHQVRUQRGHRIFRPSUHKHQVLYH WKRXJKWIXODQG






HQHUJ\FROOHFWHGIURPWKHHQYLURQPHQW LVQRW WKHVDPHVR WKHHQHUJ\FROOHFWLRQPHWKRGVRIDVLQJOHHQHUJ\
FDQQRWJXDUDQWHHWKDWDOOQRGHVLQZLUHOHVVVHQVRUQHWZRUNVFDQUHOLDEO\JHWWKHGHVLUHGHQHUJ\
7KHFROOHFWLRQRIYLEUDWLRQHQHUJ\
9DULRXV IDFWRUV FDQ OHDG WR YLEUDWLRQ LQ HQYLURQPHQW VR HQYLURQPHQWDO YLEUDWLRQ LV XELTXLWRXV VXFK DV






7KURXJK D YLEUDWLRQ HQHUJ\ FROOHFWRU ZLWK  FP GLDPHWHU DQG  FP KLJK WR FROOHFW HQYLURQPHQWDO
YLEUDWLRQ ZLWK  +]  PJ FDQ JHW  Z RI SRZHU 6WXGLHV KDYH VKRZQ WKDW GRXEOLQJ WKH VL]H RI WKH
FROOHFWRU FROOHFW WKH GRXEOHG HOHFWULFLW\ FROOHFWHG FKDUJH DOVR KDV D OLQHDU UHODWLRQVKLS ZLWK WKH YLEUDWLRQ




















ZLWK WKH ODUJHVFDOH DSSOLFDWLRQ 'HYHORSPHQW RI SKRWRHOHFWULF WHFKQRORJ\ LV IURP WKH LQLWLDO RI VLOLFRQ
PDQXIDFWXULQJWRSDUWLFOHVGHSRVLWHGRQWKHSKRWRVHQVLWLYHVXEVWUDWHWKLVQHZPDWHULDOFDQERWKZRUNLQGRRU
RU RXWGRRU OLJKW ZHLJKW DQG HDV\ WR LQVWDOO DQG UHGXFHG HIIHFW E\ HQYLURQPHQWDO WHPSHUDWXUH LW LV YHU\
VXLWDEOHWRSURYLGHSRZHUIRUVPDOOUHPRWHVHQVRU
7KHFROOHFWLRQRIZLQGHQHUJ\
7KHZLQG LQ HQYLURQPHQW LV HYHU\ZKHUH8VLQJZLQG HQHUJ\ DYDLODEOHZLGHO\ DQGXQGHYHORSHG LV DOVR D




7KH UHVHDUFK RI WKHUPRHOHFWULF WHFKQRORJ\ EHJDQ LQ WKH V LQ WKH V UHDFKHG LWV SHDN DQG
VXFFHVVIXOO\ LPSOHPHQWHG ORQJ WLPHJHQHUDWHHOHFWULFLW\RQ WKHVSDFHFUDIW7HPSHUDWXUHGLIIHUHQFHJHQHUDWRU
KDV WKH FKDUDFWHULVWLFV RI VPDOO YROXPH OLJKW ZHLJKW QR YLEUDWLRQ QR QRLVH UHOLDEOH SHUIRUPDQFH OHVV
PDLQWHQDQFH ORQJ KRXUV ZRUN XQGHU H[WUHPH HQYLURQPHQW WKDW LV VXLWDEOH IRU VPDOOOHVV WKDQ  Z SRZHU





$FFRUGLQJ WR WKH GLUHFWLRQ RI UHVHDUFK WRSRORJ\ FRQWURO RI ZLUHOHVV VHQVRU QHWZRUN FDQ GLYLGH LQWR WZR
FDWHJRULHV QRGH SRZHU FRQWURO DQG WRSRORJ\ VWUXFWXUH FRQWURO *RRG WRSRORJ\ VWUXFWXUH FDQ LPSURYH WKH
HIILFLHQF\RIWKHURXWHSURWRFRODQGGDWDOLQNSURWRFROZKLFKSURYLGHVDEDVLVIRUGDWDIXVLRQWDUJHWORFDWLRQ




SURWRFROV DQG KLHUDUFKLFDO URXWLQJ SURWRFROV ,Q IODW URXWLQJ SURWRFRO QRGH¶V VWDWXV LV HTXDO DQG DGRSWV WKH
PXOWLKRSZD\ WR FRPPXQLFDWH ,PSURYHG DOJRULWKP FRQVLGHUV WKH UHPDLQLQJ HQHUJ\ RI WKH QRGH SURSRVHV
WZR LPSURYHG DOJRULWKPV RI FRPSOHWH FOXVWHU KHDG VHOHFWLRQ DOJRULWKP DQG UDQGRP FOXVWHU KHDG VHOHFWLRQ
DOJRULWKPDQGWKH\DUHKHOSIXOWRH[WHQGLQJVXUYLYDOWLPHRIWKHQRGH
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5RXWLQJ3URWRFRO




WRSRORJ\ LQIRUPDWLRQ VHOHFW WKH DSSURSULDWHSDWK WR URXWZKRVH URXWLQJPHFKDQLVPRIWHQ FRQWDFWVZLWK WKH
GDWD IXVLRQ WHFKQRORJ\ E\ UHGXFLQJ WUDIILF WR VDYH HQHUJ\ 7KHUHIRUH WKH URXWLQJ PHFKDQLVP RI ZLUHOHVV
VHQVRUQHWZRUNPXVWPHHWHQHUJ\HIILFLHQF\VFDODELOLW\UREXVWQHVVFRQYHUJHQFHVSHHGDQGVRRQ
'DWD/LQN3URWRFRO
'DWD/LQN SURWRFRO LVXVHG WRDOORFDWH WKH OLPLWHGZLUHOHVVFRPPXQLFDWLRQUHVRXUFHVDPRQJ WKHQHWZRUN
QRGHVEXLOGWKHSURWRFRORIXQGHUO\LQJLQIUDVWUXFWXUHLQFOXGLQJFKDQQHOPDQDJHPHQWVOHHSVFKHGXOLQJHWF
LVWKHNH\SURWRFRORIDIIHFWLQJWKHQHWZRUNSHUIRUPDQFH,WVGHVLJQQHHGEHIRFXVHGRQFRQVLGHULQJRIHQHUJ\
LVVXHV H[SDQVLRQ DQG HIILFLHQF\ LVVXHV 6OHHS VFKHGXOLQJ UHIHUV WKDW WKH QHWZRUN QHHG DQ HIIHFWLYH
PDQDJHPHQW RI VOHHS DQGZDNH RI QRGHV WR UHGXFH XQQHFHVVDU\PRQLWRULQJ RU H[FHVVLYHPRQLWRULQJZKLFK
ZDVWHHQHUJ\RI QHWZRUN ,Q VKRUW DVFHDVHOHVVGHHSHQLQJ UHVHDUFKRQ VHQVRUQHWZRUNVDQG LQWHOOLJHQW QRQ
OLQHDUDOJRULWKPWKHUHZLOOHQGOHVVO\HPHUJHPRUHDQGEHWWHUDOJRULWKPVWRVHUYHRXUFRPPXQLW\
&RQFOXVLRQ
:LUHOHVV VHQVRU QHWZRUNV DUH EHFRPLQJ WKH YHU\ DWWUDFWLYH VROXWLRQ LQ D YDULHW\ RI DSSOLFDWLRQV EXW WKH
HQHUJ\RIQRGHKDVEHHQSODJXHGGHVLJQHUVDQGXVHUV,QWKLVSDSHUWKHFXUUHQWVLWXDWLRQRIHQHUJ\VXSSO\DQG
PDQDJHPHQW WHFKQLTXHV RI WKH ZLUHOHVV VHQVRU QHWZRUN QRGH DUH DQDO\]HG DQG GLVFXVVHG  E\ DQDO\WLFDO
LQYHVWLJDWLRQRI WKHSULQFLSOHV WHFKQLTXHV DQGPHWKRGVRI FROOHFWLQJ WKH HQHUJ\RIZLUHOHVV VHQVRU QHWZRUN
QRGHVSRLQWRXWWKDWWKHQRGHHQHUJ\LVVXHVVKRXOGEHUHVROYHGIURPWZRDVSHFWVRIHQHUJ\VDYLQJDQGHQHUJ\
VXSSO\VXPXSWKHFXUUHQWHQHUJ\HIILFLHQF\VWUDWHJ\SURSRVHVHQVRUQRGHVGHVLJQRIHQHUJ\HIILFLHQWVHQVRU
QHWZRUNGHVLJQRI HQHUJ\ HIILFLHQW+RZHYHU LQ SUDFWLFH WKHVH VWUDWHJLHV DUHXVXDOO\ FURVVOLQNLQJ VXFK DV
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>@%DRXFKH&KDNLE)UHLWDV$QWRQLR0LVVRQ0LFKHO5DGLRSUR[LPLW\GHWHFWLRQLQD:61WRORFDOL]HPRELOH
HQWLWLHVZLWKLQDFRQILQHGDUHD-RXUQDORI&RPPXQLFDWLRQV
>@6ULQDWK5DPSXU5HGG\$9DVXGHY6ULQLYDVDQ5$&&OXVWHUEDVHGVHFXUHURXWLQJSURWRFROIRU:61
UG,QWHUQDWLRQDO&RQIHUHQFHRQ1HWZRUNLQJDQG6HUYLFHV,&16SS
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